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Abrtnct-Phthxkkkbyd reacted with prioury aminca in tk presence d tctracAoaylbydririofernte under mild 
co&ions to give 2-subxtitutcd ixointbks and/a iroiadolmcs in good to cxcelknt ykldx. Aliihatic xmincs PVC 
xdcctivcly the ixoin&Iincs but Mrmtic Mines hal a # Ientkncy to tbe ixdndoks. 242=Tdyl)-. 2Wdylj. 
2_(Cmcthoxyphcnyl)-, 2~lchbmpheayl)_. 2~4-chloropbcay~ and 2~3,4dichloropbenyl)_isoindok were prepared 
by this method. 

lsoindoles have been suggested to be interesting fused 
N-hcteracycks with hi& reactivity, for exampk as con- 
jugated diem.’ Although the parent isoindde has been 
isolated only these 6 years.’ a variety of Zsubstitutcd 
isoindoks such as 2-alkylisoindoko and I$- or 1$.4.7- 
substituted 2-arylindoks have been prepared from 
isoindolincs.M isoindolinoncs.’ orlliodisubstiMcd 
bcnzems.‘J lAdic&onyl compounds?* and unusual 
rcarmngcmcnts of NuMaining compounds.‘” However, 
only 2-pbenylisoindolc as simpk 2-arylisoindoks has 
been ixolatal.” 

Ikscrii herein arc the results of tbc reaction be- 
tween phthalaldehydc and a variety of primary amincs in 
the presence of tctrac&onylhydridoferrate as a reduc- 
ing agent. a&ding a simpk route to synthesis of 2- 
arylisoindoks. Miphatic amines give sckctively 2-alk- 
ylisoindolincs by this procedure. The combination. glu- 
tarakkhyde-primary amineferrate gives a sok product, 
showing an excelknt method for synthesis of N-alkyl- 
and N-a+substituted pip&dines.’ 

The reaction between phthalaldchydc and ammonia or 
primary amincs produces dark-colored products.9 Major 
products from ammonia arc ixoindolinonc and 3-(2- 
cyanopbcnyl)isoqunoline. Primary amincs give com- 
plexcd products but no isoindole derivatives. The rcac- 

tion of phtbakkkhydc with primary am&s, however, can 
give I-alkylthio-2-alkyl-substituted isoindoks when 
canductcd in the presence of thiols.” 

BmlLTsAND- 

The reaction of phthalaldehyde with primary amincs in 
the presence of tctraca&oaylhydridofenate produced 
2-substituted isoindoks and/or isoinddincs in good to 
excelknt yields. The results arc summarized in Tabk I. 

The reaction proce&d under mild conditions (at room 
temp. uodcr carbon monoxide) with a smooth absorption 
of carbon monoxide and with a rapid color change from 
yellowish brown to deep red. The absorption of carbon 
monoxide in this reaction is characteristic of tbc reduc- 
tion by the ferrate.‘” The reducing ability of the ferratc 
may be equivaknt witb five or more hydrogens in a moist 
solvent with the absurption of carbon monoxide. 

Ethylaaiae, bcnzylamk and furfuryl amine gave the 
comspondim 2-alkylixoindoiims (3). showing that 
phthalakkbydc combinal with aliphatic amines can be 
selectively &rived into 3 by this method. 

Aromatk amines. on the other hand, produced 2- 
arylisoindoks (1) and 2-arylisoindolincs (2). 
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Y a: H I: 3-CHsO 
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c: 3-CH, h: 3-CI 
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T&k 1. The pRp8Mi0u Of 2-SUbstiMed isoindoks and isoi&&ncr from phtb&tdchydc u&g tetmarbyi- 
hy&id&mte‘ 
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Gthylamino 

Bemylaatne 

Porturylamine 

Aniline 

p-Tolufdine 

p-Mltibina 

p-Toluidfne 

p-Toluidine 

ntToluidine 

o-Toluidine 

p-Aniridine 

p-Animidine 

m-Aniridine 

m-Aniaidine 

m-Anieidine 

o-Anieidine 

p-Cbloroanilfne 

n-Chloromilin* 

o-Chloroantline 

3,4-Dichloro- 
aniline 

24 1.4 34 30 

24 1.4 3b 65 

24 1.3 3c 36 

25 1.4 14 * 21 50 

25 1.4 lb + 2b 62 

25 1.6 lb + 2b 69 

42 1.3 tb 73 

96 1.4 lb + 2b 91 

45 1.9 lc + 2c 25 

25 1.2 Id + 2d 31 

27 1.5 Is + 2c 78 

26 1.6 10 51 

45 1.9 If + 2f 63 

26 1.3 2f 23 

48 1.6 2f 69 

40 1.3 Tarry material 

26 1.1 19 42 

47 1.5 lh 18 

48 1.3 Ii + 21 20 

73 1.5 I$ 24 

100 

100 

100 

27 73 

56 44 

95 5 

100 

65 35 

47 53 

66 34 

84 lb 

100 

5 95 

100 

100 

100 

100 

10 90 

100 

a) 

b) 

c) 

d) 

0) 

At room tvrature under carbon nxu%oxi& in moist ethanol. 

Molar ratio: ?e(~)5/lrOH/amfne/aldah~dc = 1.0/3.3/1.0/l-O 

Determined by PUR andl46. 

l4olar ratio: ?e(CO)5/KC41 - 1.013.9 

Molar ratio: Pe(CW5/KOE - 1.0/2.7 

solar ratio: Pe(CO)5fM8/cuaije/aldahyds - 1.5/5.0/1.0/l-O 

TbePm 8pcCtrr,of2bprrpuedtrom~r'dibRKll0. 

o-xyknc and p-tm sbowd two siagkt8 at 
2.20(3H) and 4JS(4H)ppm assiene<l h~ tk Me d 
methykne protons, respectivety. The mass spectra of 2b 
showed a mdecular ioo at 209 (rel intensity 65) and 
fragment ions at 2awoo) ud Xr70I. The PMR spectra 
oftheproductsfromp&uidine(Run9showaltwo 
singktsat220aod230ppmasnignabktothetwoMe 
~offbal¶d~lh&lgktat4.5oandaaldtipktat 

~~.~~~~~~~~~ 
(Run 5) &wed sign& et 2tEW). 2@8@SI and 209(31). 
A~~~~t~~n~~~~~~ 
bcan&cduioeoflbaadasi@atZO9was8arilaed 
totIlatof2b.olltllebakdtheKMP@tkald8t&tbe. 

di6hibUtiOUOftbCtWOpWdUCt8WWcaltUl8tGd.Tk 

RaneyNiredu&oaofthepmductagave~“indkaGn# 
thatlbwasreducedtoZ& 

The di8tribution of the prodwta from P-tohlidk 
(RutuS-7)waahighlyaffectedbyuwkrratiosofpotas- 
shun hydroxide to imo pentecwhonyi. Hi&w molar 

o-Toh~idine was also much favor&k to the f- 
of Id but m-tduidioc PVC 2c aa the major product. In 
caesofanisidiIlcs8adchkrorniliaes tbepusitimof 
suWnts had great effects on tbc ckrii of the 
products. The OMe woup located at tbc pm position 
has a m tendency to tbc curespondiog iaoindde (ld 
but it has 8 d&rent e&t to give seketively the isoia- 
dotine (21) w&n located 8t the meta poEitioa* mAnisi- 
dine g&e only I even at higher u&r ratio, 
KOH/F~#ZO)S (Run f4). From o-anisidh~ a contracb&e 
~~~~.~P~~~~ 
fKoducts fmal p&sidilK (Run 10) &owed two singkts 
at3.7Sand3.83ppa1as&nedtothetwoki11dsofOMe 
pfotonsofkMdZc.respcctivelyaIJdtheaIass8pec&e 
ShoWed Si@S 8t 223(10@, 224(43) ud au). The 
&aalsat223unt225appwedtobeatokwkrioarof 
lcaad2c,nXpectively.Tbelnwapeur8oftheproducts 
flWllW&dhS(RUn14)8hoWl!d~8xt225(64, 
mokcukr ion of zr), 224(100) 8nd 223@. 

ThechlorogroupafsohntwodiUerente#a%.Itir 
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cl-lo 

+ H,NR 
-n*o Cl-l-NR 

2H 
CH,NHR 

Cl-l0 CHO CHO 

, , CHNHA a ’ ‘CHOH 

CH2 

‘N+- R 
CHF 

-n20 I I LH 

i+2 

!zchemc I. 

advantageous to I when located at the pam and meta 
positions but to 2 at the oA0 position. p-Chloro_. m- 
chlore and 3.4dichluroaniiinc gave s&ctively lR, IL 
ad 1J. respectively. 

An increase in amaunts of tbc fcrrate in tbc reaction 
(Runs IO and 1 I) had almost no effect on the distriition 
of tbc products. Thus, lc is formed as tbc major product 
even when amounts of the ferratc arc cnou~h for rcduc- 
tion of lc to 2e. This fact suggest.9 that 2 does not come 
from 1 in this reaction. Ahhough the naction mechanism 
is nut ckar yet, we arc inclioal to believe that 1 and 2 
are famed from phthdaldchydc by two different routes 
as follows. The main readion appears to invdvc the 
reduction d C=N bonds by the ferratc. 

The results obtained here indicate that simple 2-ary- 
lisoindes can be readily prepared from phtbdaldchyck 
by this procedure. 

AU ‘H NMR chemical shifted arc liven in partx per million 
from added M&i in CDClt ~DIJ were n~arrkd on a JEOL 
JNM-PMUI sp&troo~ter. & xpcctrx ycrr taken on I JEOL 
OISG mu.s xpcctrometer. IR xpcctn were mcaued with a 215 
Hitachi ~C&OUWV. Atl q .px were taken on I Y-to 
appuahuanducu~. 

Molcricllr Phthakkkhydc. primary xmioex, iron pcntamrbonyl 
and xdventx were 8tl commaml 
witboutfluthupUacukn.Potruiumtetnarbacl . - =$$Ltiz 
r2tcw2sptepand2ccadi2glytot&mcthoddcscra2di22 

prwi~~~s paper.” 2+-Tdy&koi&d& wax prcpmed from a.~‘- 
dibromo-o-xyknc and p-toluidk.‘~ 

GumI tracrkw pmccdm. To a mixture of iron pcatacu- 
bony1 (I l nunmd). cthxnotic I M-KOH (33 mmmd) and a primary 
amine (II mmo0 wax added pbthat&kbyde (II mmot) and the 
mix~wu~uroomtemp.uadacofa2c96hr.cys- 
txtliac compoud gduatly repulted. The crystak were cdkc- 
kdbyfUfntkaandpuriBcdbyrccryxt&x&mfromhotEtOH. 
la ascx d ethytxmine. henxyluuinC, furfluykmine. OatuidiW 
uldochlaranilioe.ttlcBltcredmixturcwuexpoKdtotifor2 
a3dryr~coacentntcdto~tJmlIt1Q/30Tarradthea 
pmductxwcrcsquatcdbyvacuumdixtiltatioo. 

ThcproductrwcredyxedbymanxdIRPMRamdMS 

xrekmnvncapouakrPdwcrcidmtiBaJbyPMRxpcctnM 

the 2-arytixoaakr except tr UC unknown compounds. Al- 
thou& the reaction products. a mixture of I sod 2 were uaxtxbk 
for rpantion by UC. thx dixtriition of the products can be 
determined by compxriw the chemical shifts d the methyknc 
(C, lad C,) protons of 2 (8 3.8-4.8ppm. s) md the methync (C,. 
C, 2nd C4_7) pmtons of t (2t the enmetic rcgion)." 

2-Aryf-i&&la (I) and/or -iraMollus (2). Aroamtk amine6 
pve I Md/or 2 ax colnrku crystxls or liqui&. 

2qp~dyf)&d&&e (2U wax prepared from additxomo-o- 
xykm.” PMJQCDCI,): 6 (ppm) 2.20 (s. 3H. CH,). 4.55 (1. 4H. 
CHIN). 6.5-7.5 (m.~SH). MS m/r: #)9 (rcl i&&y 65. M+). 
2W loo). 2010. 

2-+Tdyf)i&ndde (lb) and 2b (Run 5). Mp. I84-186’. yield 
62%. PMR(CLXl,): 6 2.20 (s. CH, d 2b). 2.36 (s. CH, of lb). 4.56 
(x, CH,N af tb). 6.3-7.7 (3. MS m/r: 207(100. M* oi tb). 
ZtW5). ms(3l. M+ of Zb). Found: C. 85.m H. 6.95: N. 6.67. 
Cak.forC,,H,,N(xxtb):C,86.88:H,6.32;N.6.75%.Bywatpar- 
ia(tbePMRudmrss~~.thcdirbibutiondtbudf)w 
lktamiml to be 56 lad 44%. rcxpcctively. 

Cumpowdr tb and t) (Run 5’). M.p. l77-ISI”, yield 69%. 
lb:ZL=95%:5%. MS m/r: 207(100. M’ d tb). 206(21). zos(5). 
Found: C. 86.73: H. 6.41: N. 6.71%. 

2-J&nyfiai&& (la) and -isdadd~ (tr) (Run 4). Mp. 
W-171’. ykld 50%. PMR(CDCI,): 6 455 (s. CHrN of 21). 
6.5-7.5 (m). 

2+n-Tdyf)-isdnddes (1~) aad -i&dine (2~) (Run 8). M.p. 
84-85’ (dec). ykld 25%. PMR(CDCI,): 8 2.25 (x. CH, of Zc). 235 
(1. CH, of I& 4.55 (s, CHIN of &j; 6.5-7.5 (m). _ 

U*Td+isdn&k IIll and -isdaddinc Udl (Run 9). B.D. 
Wm.3 To&: PMR(CDCi,):e6 2.15 (s. CH, d tij. i.i5 (s. CH, h 
10.4.55 (s. CHlN of 2d). 6.8-7.8 (m). 

244-Met~xyp~aty~irdndde (Ie) ad -irdnddinr (2e) (Run 
IO). M.p. l94-IW. PMR(CflCI,): 8 3.75 (s. CH,O of le). 3.85 (x. 
CH# of 2e). 4.55 (s. CHr-N d 2e). 6.5-7.5 (m). MS m/r: 
223WlO. M’ d le). 224(43). 225(25. M’ of 2e). 2ttQ68). Found: C. 
80.51: H. 5.91: N. 6.23. Calc. far C,,H,,NO (u tc): C. 80.69: H. 
5.87: N. 6.27%. 

2~+Muhoxypha~lkdnddfne (m (Run 14). M.p. Il5-IIP. 
PMR(CDCl& 6 3.75 (s. 3H). 4.55 (I. 4H). 6.t7.5 (m. 8H). MS 
m/e: 225W. M’ d 20D.224000). zw9). 

2+XWorupAyf)ixdnd& (lg) (Run 16). M.p. W-WY. 
PMJt(CDClI): d 6.1-7.6 (m). MS m/e: 227WO. M+ of 1. .225X33). 
W C. fi.81: H, 4.5j: Ii. 620. &k. fir C;,H,,ClN~& I& d. 
73.85; H, 4.43; N. 6.15%. 

2~3-CMmup~flJ~indde (lb) (Run 17). M.p. I l9-120’ (dcc). 
PMR(CDCl& 8 6.1-7-l (m). Found: C. 73.7): H. 4.83: N. 6.1096. 

2~2-C~h4ny&isoi&le t tt) and 4dddint t3D (Run 18). 
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B.P. l lP10.2 Torr. PMRICDCI,): 6 4.80 (s. CHrN of a), 6.5-7.6 
(ml. 

2~3,4lXchlotupAmyf)irotrdorcwindo/e (11) (Run 19). Mp. 132-133.5’. 
PMR(CDCl3: 6 6.74.1 (m). MS m/r: 26l(lOO. M’ of II). 263f63). 
26.5(13). Fo&& C. 64.43; H. 3.62; N. 5.1;. Cxlc. for &Hf~N 
(xx lj): C. 64.15: H. 3.46: N. 5.34%. 

2-AlkylL&ddha (3). Tbc tiltawl aod concentrated q ixtwe 
gave 3 by vruum distillation. 3n. b.p. 56*/l Tm. PMR(CDC1,): 6 
I.20 (1. 3H). 2.74 (q. 2H). 3.88 (s. 4H). 7.10 (a 4H). 3b). b.p. 
I lO’l0.l Tar. PMR(CfXI,): 6 3.9 (I). 3.85 (a). 7.OS-7.5 (m). 3~. 
b.p. 86*/0.2Tar. PMR(CDCl,): 6 3.95 (1, 4H). 3.85 (s. 2H). 
6.1-6.3 (m. 2H). 7.05-75 (m. SH). 
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